ABSTRACT: The response of an Antarctic benthic community to iceberg disturbance was investigated using underwater photographs (1 m 2 each) on the SE Weddell Sea shelf. This study: (1) characterises composition, coverage, number of patches and area of sessile benthic fauna, (2) describes faunal heterogeneity using MDS ordination and identifies 'structural taxa' of each recovery stage, and (3) analyses changes of growth-form patterns during Antarctic recovery. We observed changes in the space occupation of benthic organisms along the recolonisation stages. Uncovered sediment characterised the early stages ranging from 98 to 91% of the coverage. The later stages showed high (70.5%) and intermediate (52.5%) values of benthic coverage, where demosponges, bryozoans and ascidians exhibited a high number of patches and taxa. Several 'structural species' were identified among the stages, and information is provided on their coverage, number of patches and area. Overall, maximum areas of patches increased as recovery proceeded. Early stages were characterised by the presence of pioneer taxa, which only partly covered the bottom sediment but were locally abundant (e.g. the bryozoan Cellarinella spp. and the gorgonian Primnosis antarctica with a maximum coverage of 13 and 3%, and 51 and 30 patches m -2 , respectively). Soft bush-like bryozoans, sheet-like sabellid polychaetes, and tree-like sponges, gorgonians, bryozoans and ascidians were the first colonisers. Mound-like sponges and ascidians as well as tree-like organisms with a long lifespan and different reproductive strategies defined the late stages. We conclude by comparing the selected 'structural species' and relating their life-history traits to differences in distribution in the course of Antarctic recovery.
INTRODUCTION
Knowledge of the abundance, spatial distribution and diversity of species within a community is fundamental to understanding ecosystems (Sousa 1980 , Paine & Levin 1981 , Connell et al. 1997 , Newell et al. 1998 ). Natural disturbance is widely recognised as an important determinant of the occurrence and abundance of species (Dayton 1971 , Pickett & White 1985 , Huston 1994 , Paine et al. 1998 , Sousa 2001 . Disturbance effects on species may depend on their lifehistories, and the dispersal and recruitment patterns of their offspring (e.g. Grassle & Grassle 1974 , Sousa 1980 , Connell & Keough 1985 , Giangrande et al. 1994 , Hughes & Tanner 2000 .
The unusually deep continental shelf of the Weddell Sea locally exhibits a complex 3-dimensional community with patchy distribution of organisms, intermediate to high diversity and locally extremely high epifaunal biomass , Gili et al. 2001 , Teixidó et al. 2002 , Gerdes et al. 2003 . The fauna in this area is dominated by a large proportion of benthic suspension feeders such as sponges, gorgonians, bryozoans and ascidians, which locally cover most of the sediment , Teixidó et al. 2002 . Variations in the abundance of these 'structural species' are critical to the organisation of the whole community. The major disturbance affecting the benthos of this deep continental shelf is the grounding and scouring of icebergs (Gutt et al. 1996 , Gutt & Starmans 2001 , Knust et al. 2003 . They severely disrupt large areas of the seafloor, affecting the physical and biological environment by removing the substrate and eradicating benthic life (Gutt et al. 1996 , Gutt 2000 .
Changes in composition of benthic communities after iceberg scouring in the SE Weddell Sea shelf have been relatively well studied: from meio- (Lee et al. 2001 ) to macrobenthos and fish (Gutt et al. 1996 , Brenner et al. 2001 , Gutt & Starmans 2001 , Gerdes et al. 2003 , Gutt & Piepenburg 2003 , Knust et al. 2003 . However, despite the importance of 'structural species' in these communities, information is scarce about their abundance and coverage at small spatial scale (1 m 2 ). Studying species abundance of Antarctic benthos in greater detail will greatly contribute to our understanding of the processes underlying the occupation of space along recovery gradients in Antarctic communities and in comprehending the response of these communities to environmental changes. Small spatial scale data may also permit extrapolation and elucidation of general patterns at larger scales.
The abundance of morphological strategies of marine sessile clonal organisms (built up of modules/ polyps or zooids) is predicted to vary as a function of disturbance frequency (both biotic and abiotic), food supply and light (see review by Jackson 1979 , Connell & Keough 1985 , Hughes & Jackson 1985 . For example, substrata available after disturbance will be colonised initially by species with stoloniferous or runner-like morphology, which has been interpreted as a fugitive strategy, with early age of first reproduction, high fecundity, rapid clonal growth and high mortality among modules as main life-history traits (Jackson 1979 , Coates & Jackson 1985 , Sackville Hamilton et al. 1987 . Other growth forms such as sheet, mound and tree characterise areas with low disturbance levels due to predicted higher competitive ability, lower growth rates and lower recruitment rates compared to runner forms (Buss 1979 , Jackson 1979 , Karlson et al. 1996 .
In this study, we examine quantitative changes in the composition of an Antarctic benthic community and quantify ecological trends during its recovery after iceberg scouring, analysing small scale photographic records (1 m 2 ) from the Weddell Sea shelf. We first provide quantitative data on changes in coverage, number of patches and number of taxa among different taxonomic benthic categories through recovery. Secondly, we describe faunal heterogeneity using an ordination technique and select 'structural taxa' for each stage, indicating their specific coverage, number of patches, and mean and maximum areas. Thirdly, we examine changes in growth-form patterns and their occupation of open space along the recovery gradient. Finally, we discuss our results by comparing the selected 'structural species' and relating their life-history traits in order to better understand the differences in distribution during the course of recovery. This publication is part of a larger study focused on recovery processes after iceberg disturbance (N. Teixidó et al. unpubl. data) .
MATERIALS AND METHODS
Study area. Kapp Norvegia is located in the SE Weddell Sea (Fig. 1) , where the continental shelf is relatively narrow (less than 90 km) and occurs at depths of 300 to 500 m (Carmack & Foster 1977 , Elverhøi & Roaldset 1983 . Seasonal sea ice covers the continental shelf and extends beyond the continental break (Tréguer & Jacques 1992) , but coastal polynyas of varying size may occur (Hempel 1985) . Water tem- perature close to the seafloor is low and very constant throughout the year, ranging from -1.3 to -2.0°C (Fahrbach et al. 1992 ). There is a marked summertime peak in primary production (Nelson et al. 1989 , Gleitz et al. 1994 , Park et al. 1999 , reflected by the organic matter flux from surface waters to the seabed (Bathmann et al. 1991 , Gleitz et al. 1994 . Hydrodynamics affect food availability (e.g. resuspension, lateral transport) and determine sediment characteristics such as grain size and composition, which are of ecological relevance for benthic communities (Dunbar et al. 1985 , Gutt 2000 . Benthic communities and photosampling. The benthic communities inhabiting areas affected by iceberg scouring exhibit a wide range of complexity: from areas almost devoid of any fauna through stages with few abundant species to highly complex communities characterised by a relatively high species richness and extremely high biomass (Gutt et al. 1996 , Gerdes et al. 2003 . We identified 3 stages of recolonisation (from younger to older: R0, R1, R2) and an undisturbed assemblage (UD), classified previously by Gutt & Starmans (2001) . Definitions of these stages were based on qualitative criteria differing in faunistic composition, categorical abundance and features of the seabed relief (e.g. drastic rifts in the bottom scoured by icebergs). In the Weddell Sea, early successional stages are considered precursors toward the late slow-growing hexactinellid sponge stage (Dayton 1979 , Gatti 2002 , assuming that many decades or even centuries may be necessary to return to such a mature community after disturbance. However, no quantitative studies have been carried out to characterise this pattern.
Photographic records of the seafloor were obtained during the expeditions ANT XIII/3 and ANT XV/3 on board R/V 'Polarstern' during the austral summers of 1996 and 1998 (Arntz & Gutt 1997 , within the Ecology of the Antarctic Sea Ice Zone programme (EASIZ) of the Scientific Committee on Antarctic Research (SCAR). A 70 mm underwater camera (Photosea 70) with 2 oblique strobe lights (Photosea 3000 SX) was used at 6 stations (depth range: 117 to 265 m) (Fig. 1) . At each station, sequences of 80 vertical colour slides (Kodak Ektachrome 64), each covering approximately 1 m 2 of the seabed, were taken at evenly spaced time intervals along a transect. The distance between consecutive photographs was close to 10 m. The optical resolution was around 0.3 mm. Seven photographs were analysed and processed at each stage (from R0 to UD), wherever these occurred (Table 1 ). The number of photographic samples was 21 for R0, 28 for R1, 21 for R2 and 42 for the UD assemblage. Each sample was considered a replicate for the corresponding stage. In total, an area representing 112 m 2 of the seafloor was analysed.
Image analysis. Each photograph was projected on an inverse slide projector and all distinguishable patch outlines were traced onto an acetate sheet at a map scale of 1:5. The drawings were scanned (100 dpi) and imported into the ArcView 3.2 (© ESRI) geographical information system (GIS) where they were spatially referenced. ArcView routine procedures were used to label all the patches. The result of a GIS process was an image related to a database table, which contained information on area, perimeter and a taxa identifier. Each individual patch was assigned to different categories (e.g. species, cluster of species) and its information was measured for each photograph. Areas of uncovered substrate were also reported.
Identification. Mega-epibenthic sessile organisms, approximately > 0.5 cm in body size diameter, were identified to the lowest possible taxonomic level by photo-interpreting following Thompson & Murray (1880 -1889 ), Discovery Committee Colonial Office (1929 -1980 , Monniot & Monniot (1983) , Sieg & Wägele (1990) and Hayward (1995) . In the present study, we did not analyse mobile organisms, which also appeared as first immigrants, such as fish and some echinoderms (Gutt et al. 1996 , Brenner et al. 2001 .
We recognised a total of 118 sessile organisms and sediment cover categories (see Appendix 1). These included species/genus (106), phylum (5), 'complex' (7) and substratum (5). Within the species/genus category, some unidentified sponges (e.g. 'Yellow branches') were named according to Barthel & Gutt (1992) . Irregular masses composed of matrices of bryozoans, demosponges, and gorgonians of small size and similar filamentous morphology were assigned to one of the 7 'complex' cover classes. Community analysis and 'structural taxa': Taxonomic composition among photographic 'samples' was compared using the Bray-Curtis similarity coefficient (Bray & Curtis 1957 ) of 4th-root transformed sessile benthic coverage. Benthic taxa with less than 2% of the total coverage were excluded to minimise the bias caused by rare taxa (Field et al. 1982) . Non-metric multidimensional scaling (MDS) (Kruskal & Wish 1978) was applied to the similarity matrix to order the photographic samples in a 2-dimensional plane. Low stress values (< 0.20) indicate a good representation and little distortion of samples in the 2-dimensional ordination plot (Clarke 1993) . The analysis was also carried out with number of patches (NP) (4th-root transformed and considering the taxa present in 3 or more samples). The MDS ordination plot was essentially the same as in the former MDS for benthic coverage and for this reason is not presented here.
In this study, 'structural taxa' refer to the selected representative taxa for each stage. These characteristic taxa were determined with the similarity percentage procedure (SIMPER) (Clarke & Warwick 1994) . The analysis indicates the contribution of each species to the average similarity within a group. The more present and abundant a species is within a group, the more it will contribute to the intra-group similarity (Clarke 1993) . As in MDS analysis, the coverage of benthic fauna was 4th-root transformed and taxa occurring in < 2% of the samples were omitted. Moreover, complex categories (7) and taxa identified at coarse taxonomic level (5) (see Appendix 1) were also excluded. Both MDS and SIMPER analyses were performed using PRIMER software (version 5) (Clarke & Gorley 2001) .
Finally, for each 'structural taxa', we reported CA, NP and mean patch area (MPA). CA and NP were calculated as previously mentioned. MPA was reported as the area of patches divided by the number of patches within each structural taxa. We also calculated the mean maximum area (MMA) by averaging the maximum areas of the 5 largest specimens at each successional stage. For better interpretation, we pooled these 5 values of each 'structural taxa' per main taxonomic group. One-way ANOVA was applied to test significant differences in maximum area among stages using the STATISTICA program (version 5.5, StatSoft) . A double square root transformation was used to achieve normality and equal variance. Post hoc multiple comparisons of means were performed using Tukey's test (Sokal & Rohlf 1981) .
Growth form. The 118 sessile benthic cover categories were grouped into 4 growth forms in order to search for patterns of CA, NP and MPA through recovery. The growth forms considered were bush, sheet, tree and mound (see Table 2 for a description of each growth form). This classification was based on previous studies on clonal organisms in coral reefs (e.g. review by Jackson 1979 , Connell & Keough 1985 . This categorisation takes into account relevant ecological strategies followed by benthic species in occupying space on rocky benthic habitats. The benthos in the Weddell Sea locally presents different stratum levels of organisms. Therefore it should be considered that the nature of the images (vertical to the seabed) could reduce the contribution of the basal stratum to the total coverage because other organisms may cover it. In addition, the bryozoan Camptoplites tricornis exhibited a runner growth form but it was the only species of this category; for that reason it was classified into the bush form, which appears as the most similar.
In this case, CA referred only to the sessile benthic organisms and sediment coverage was not considered. Data on CA, NP and MPA were calculated as previously mentioned but referring to the growth-form category. Kruskal-Wallis nonparametric analysis was used to test for differences in growth-form patterns among successional stages. Post hoc comparisons of ranks were performed using the Nemenyi test (Sachs 1984) . We used nonparametric analysis because most 4 Table 2 . Description of growth forms used in this study (from Jackson 1979 , Connell & Keough 1985 Growth Description form
Bush
Upright forms branching from the base, mainly flexible hydrozoans and bryozoans; with a restricted area of attachment to the substratum Sheet Encrusting species of sponges, bryozoans, sabellids and ascidians growing as 2-dimensional sheets; more or less completely attached to the substratum Tree Erect species of sponges, gorgonians, bryozoans and ascidians, more or less branched; with a restricted area of attachment to the substratum Mound Massive species of sponges, anemones, ascidians and pterobranchs with extensive vertical and lateral growth; attached to the substratum along basal area of the data did not follow normality after different transformations. The Kruskal-Wallis test was computed using the STATISTICA program (version 5.5, StatSoft).
RESULTS

Patterns of benthic composition, coverage and abundance
Uncovered sediment characterised R0 with a mean value of 98.2% and few benthic taxa (Fig. 2) . Bryozoans, polychaetes, gorgonians and ascidians contributed to the low benthic coverage of the seafloor with a mean value of 0.5, 0.5, 0.3 and 0.1%, respectively, whereas there were more patches of polychaetes (NP) (8 patches m ). However, most taxa were bryozoans (NT) (12). Similarly, R1 exhibited a high coverage of sediment (91%) (Fig. 2) . Bryozoans, gorgonians, 'complex category', demosponges, polychaetes and ascidians showed 3.8, 1.5, 1.4, 0.5, 0.5 and 0.4% of cover area (CA), respectively. Mean values of NP ranged from 38 patches m -2 for bryozoans through 11 patches m -2 for gorgonians to 2 patches m -2 for ascidians. The highest mean of CA (70.5%) and NP (173 patches m -2 ) occurred in R2, whereas uncovered sediment showed the lowest value (~29.5%) (Fig. 2) . CA values fluctuated from 36% ('complex category') to 5% (demosponge) and 0.8% (hexactinellids), whereas bryozoans with 24% of CA exhibited the highest mean value of NP (76 patches , 10 taxa) also showed a high NP and NT. In UD, the space covered by benthic organisms was 53 ± 6.5% (SD) (Fig. 2) where 'complex category', demosponges and bryozoans accounted for 42 ± 2.7% (SD) of benthic coverage. , respectively) and NT (31, 22 and 14 taxa, respectively). Hexactinellids showed comparatively moderate values for both CA (3%) and NP (4 patches m -2 ), and low NT (3 taxa).
Community analysis and 'structural taxa'
The MDS ordination showed a gradual change in the benthic composition among samples from different recovery stages (Fig. 3) . Faunal dissimilarity was higher in the early stages (R0 and R1) with larger dispersion of samples than in the later stages. However, there was an overlap of samples mainly between R0-R1 and R2-UD indicating a similarity in benthic taxa through the recovery stages. Seven samples were grouped apart within the set of the UD. These samples belonged to Stn 211 dominated by Cinachyra barbata (demosponge) and hexactinellids.
'Structural taxa' that characterised the different recovery stages are shown in Table 3 . The patchy distribution of most of the fauna is evident by comparing the mean value for both CA and NP, and their extreme values (Table 3 ). The structural taxa in R0 were the sabellid polychaetes (Myxicola cf. sulcata and Perkinsiana spp.), the solitary ascidian Molgula pedunculata, the lollypop-like sponge Stylocordyla borealis and the soft bryozoan Camptoplites lewaldi. In general, these taxa covered the space with small patches (<15 cm 2 ). Within R1, colonies of gorgonians (Primnoisis antarctica and Primnoella spp.), soft and rigid bryozoans (C. lewaldi, Alcyonidum 'latifolium' and Cellarinella spp., Cellarinella nodulata, Smittina antarctica and Systenopora contracta), the sabellid polychaete M. cf. sulcata, and the sponge S. borealis were the most representative taxa. The rigid bryozoan Cellarinella spp. showed a maximum of 13% in CA, 51 patches m -2 and a large area up to 248 cm 2 (Table 3) . Benthic fauna that characterised the later stages (R2 and UD) were more numerous and varied. Within R2, bryozoans, demosponges, gorgonians, hexactinellids, polychaetes and compound ascidians were important. Different soft and rigid taxa of bryozoans were the most representative, such as Cellarinella spp. with a mean cover value of 13 ± 2.7% (SE) and 31 ± 5.8 (SE) patches m -2 , and exhibiting a maximum cover value of 35% (Table 3 ). The 4 representative demosponges represented ~10% of the total benthic coverage, of which the massive-round demosponge Cinachyra barbata showed locally high CA (23%), NP (35 patches m ) and the largest area (666 cm 2 ) ( Table 3) . Fig. 4 represents the mean maximum area (MMA) distribution of each 'structural taxa' grouped in the corresponding taxonomic groups through recovery. Overall, it is evident that the MMA for each group increased as recovery proceeded. The biggest colonies were the hexactinnellids (315 cm 2 ), whereas the polychaetes showed the lowest value (18 cm 2 ) in UD. The MMA of hexactinnellids, demosponges and bryozoans differed significantly between the first (R0 and R1) and the later stages (R2 and UD) (F = 18.57, F = 18.07, F = 39.75, respectively and p < 0.0001) (Fig. 4) . Polychaetes showed the highest value (22 cm 2 ) in R1, which differed significantly from R0 (F = 6.1, p < 0.0001). Ascidians differed significantly between R0 (5.8 cm 2 ) and the rest of the stages (F = 8.4, p < 0.0001). Gorgonians had an intermediate value (98 cm 2 ) in UD, which differed significantly between the first stages (R0 and R1) (F = 4.9, p < 0.001) but not with R2 (p > 0.05).
Changes in growth-form categories of CA, NP and MPA
There were large differences in cover area (CA), number of patches (NP) and mean patch area (MPA) of growth forms among the recovery stages (Fig. 5) . Overall, bush growth form (hydrozoans and bryozoans) was the most abundant category in R0 contributing 28 ± 6.3% (SE) to the coverage, tree-like 6 Stress: 0.2 R0 R1 R2 UD Fig. 3 . MDS diagram of photographic sample similarity according to benthic taxa composition through the recovery stages. Only 13 of the 21 photographic samples in R0 are represented due to the absence of sessile organisms in the 8 missing samples. Note that 7 samples from UD are grouped apart organisms (demosponges, gorgonians and ascidians) dominated in R1 (47 ± 3.8%, SE) and R2 (57 ± 5.2%, SE), whereas mound-like organisms (hexactinellids, demosponges, actinians and ascidians) characterised the UD stage, reaching 39 ± 4.5% (SE) of the coverage. In contrast, sheet growth forms (demosponges, sabellids and ascidians) showed a discrete coverage in the early stages, which decreased significantly in the UD. In general, the first stages (R0 and R1) showed small and few patches, in contrast to NP and MPA of the tree category in R1 that showed higher values (30 ± 4.3 patches m -2 and 13 ± 0.9 cm 2 , SE, respectively) (Fig. 5) . In R2, this growth form also showed a significantly high number of patches (96 ± 
Life-history traits
In Table 4 , we compile information on morphology, main reproduction modus, dispersal abilities of offspring, growth and estimated age for the 29 'structural' taxa. Furthermore, we provide information on 3 species (Homaxinella spp., Melicerita obliqua, and Primnoa resedaeformis) that were not selected in this study as representative, but their life-history traits are well documented and considered important for the discussion.
DISCUSSION
Patterns of benthic composition, coverage, number of patches and area
Iceberg scouring of Antarctic benthos can occur over large distances (several km) creating a mosaic of habitat heterogeneity with sharp differences within a few metres (Gutt & Piepenburg 2003) . Both small-(this study) and large-scale spatial and temporal studies can greatly contribute to a better assessment of the response of Antarctic benthic communities to iceberg disturbance. In the high-latitude Antarctic benthos, there have been few ecological studies based on the temporal trajectory of succession due to a lack of continuity in sampling and great difficulties in performing in situ experiments (Arntz et al. 1994) . Within these restrictions, this study provides new insights to better understand the structure and organisation through recovery in Antarctic communities.
The results showed that benthic composition was markedly different and provided evidence of community recovery through an increase of coverage, taxa, and number and area of patches along the recovery stages (Figs. 2 & 4) . Furthermore, we found that a group of 'structural taxa' characterised each stage well (Table 3) . These general patterns were reported in other marine communities studying different spatial and temporal scales (Dayton 1971 , Connell et al. 1997 , McCook & Chapman 1997 , Airoldi 2000 .
We found that the first recovery stages (R0 and R1) were characterised by a low percentage of benthos coverage (CA) and a low number of taxa (NT) (Fig. 2) . Few and small patches, mainly of bryozoans, polychaetes and ascidians, barely covered the sediment (Fig. 2, Table 3 ). The advanced stage (R2) exhibited the highest coverage and number of patches (NP) (Fig. 2) . Bryozoans were important in CA, NP and NT, whereas demosponges and ascidians exhibited a relatively high NP and NT. The 'complex categories' composed the basal substrata of the benthos with a coverage of 36% for R2 and 16.7% for UD. This latter stage was characterised by an interme- Mean maximum area (MMA) distribution of the taxonomic groups through recovery. Data are means ± SE of maximum areas of the largest specimens (n = 5) of each 'structural taxa'. It includes mean ± SE. Hexactinellida (2 taxa), Demospongiae (6 taxa), Gorgonaria (3 taxa), Bryozoa (13 taxa), Polychaeta (2 taxa) and Ascidiacea (3 taxa) diate coverage of bryozoans, demosponges, ascidians, gorgonians and hexactinellids. In our results, the 'structural taxa' showed a net increase of area along recovery (Table 3 , Fig. 4 ). This increase of area among the different taxa occurred despite epizoism, partial mortality of colonies and colony fission processes, which are common in benthic clonal invertebrates (Hughes & Jackson 1980) . These processes make age estimation based on area measurements difficult, thus the evaluation of timing after disturbance. Despite this, our results suggest that as time without disturbance passes, the benthic fauna gets larger and supposedly older. In this sense, it is interesting to note that big specimens of hexactinellids found in UD (approximately 30 cm in diameter) ( Table 3 , Fig. 4) were much smaller in comparison to giant sizes described below 50 m in the Ross Sea (1.8 m tall with a diameter of 1.3 m) (Dayton 1979) . It remains Table 2 for growth form descriptions. Note that the sum of different growth form categories exhibits ~85% of cover area in R0 due to the absence of sessile benthic fauna in some photographs. H is the Kruskal-Wallis statistic; numbers in parentheses are degrees of freedom. n.s. = not significant; *p < 0.05; ***p < 0.001 unclear whether the hexactinellids of the Weddell Sea reach the size of their counterparts in the Ross Sea, although Gutt (2000) suggested that these sponges are protected from iceberg scouring in the shallow habitat of McMurdo Sound enabling them to grow during longer periods and thus attain greater sizes.
After disturbance, variable successional pathways create new species combinations and interactions (Connell & Slatyer 1977 , Pickett & White 1985 , McCook 1994 . Gutt (2000) found that there is no specific pattern of species replacement during succession in Antarctic benthic communities at larger spatial 10 Table 4 . Life-history traits of the representative taxa (SIMPER analysis). They are ordered from early to late recolonisation stages.
*, ** See Table 3 scales. In our study, pioneer taxa were present during the first stages of recovery, which locally occurred with high abundance and patchy distribution (Table 3 ). This patchy distribution may explain the high heterogeneity of species composition during the first stages (Fig. 3) . However, a certain similarity in composition occurred among the recovery stages, mainly between R0-R1 and R2-UD, due to the presence of 'structural' taxa within the stages (Table 3) , showing differences in their coverage, number of patches and area. Studies on marine communities at other latitudes suggested that different successional trajectories converge towards the local resident assemblage (Berlow 1997 , Chapman & Underwood 1998 , Sousa 2001 ). In our study, benthic composition converged in the later stages (Fig. 3) Andrews et al. (2002) assemblage, characterised by the long-lived volcanoshaped hexactinellid species and the round demosponge Cinachyra barbata (Fig. 3) . The separation within this assemblage (UD) shows that local dominance of sponges reduces diversity and shape complexity patterns at the small scale (Teixidó et al. 2002 ).
Patterns of cover by different growth-forms
Growth-form cover patterns sharply changed along the recovery sequence, where bush-like morphology characterised the early stages (R0 and R1), tree-like the advance stage (R2) and mound-like the undisturbed stage (UD) (Fig. 5) . Sheet, tree and mound-like forms are predicted to be generally superior in competition to bushes (Jackson 1979) , and are therefore expected to dominate the later stages. Our results were consistent with this prediction, although the contribution of sheet-like forms was relatively low in the later stages (R2 and UD). The presence of tree-like forms was relatively high through the recovery stages with a great number of patches and moderate area values at R2, whereas the dominance of the mound-like form was evident in UD (Fig. 5) . Overall, our results on the cover predominance of tree and mound categories along the later stages are in accordance with a previous study on shallow Antarctic benthos at Signy Island (Barnes 1995a) . These successful strategies might respond to the apparent high sedimentation rates and lateral transport of organic matter in the Weddell Sea (Elverhøi & Roaldset 1983 , Fahrbach et al. 1992 , Gleitz et al. 1994 , Park et al. 1999 . Tree-and mound-like forms have efficient access to the particles in the water column and escape from burial by settling sediment (Jackson 1979) . This may also be an explanation for the low dominance of sheet-like and runner-like forms, although the latter form is predicted to be successful in disturbed environments due to fast growth and high fecundity (Jackson 1979 , Fahrig et al. 1994 , Karlson et al. 1996 . Despite the inferior competitive capacity of bush morphology (Connell & Keough 1985) , this category occupied the space constantly over the recovery sequence, showing low NP with intermediate to large area values (Fig. 5) . This presence may be related to epibiotic relationships (Dayton et al. 1970 , Gutt & Schickan 1998 , avoiding competition with better competitors. It is likely that these organisms, which have a refuge-oriented strategy may rapidly occupy the space between large organisms with slower growth rates (Buss 1979) . Finally, the dominance of different growth forms may influence the diversity within the community (Figs. 2 & 5) . For example, mound-like forms represent massive species of sponges, anemones, ascidians and pterobranchs. However, these organisms may differ with the external surface (e.g. smooth surface, presence of spicules) that will influence the development of epibenthic-associated fauna. Therefore, from our results on growth forms, we cannot generalise that the predominance of a growth form reduces diversity. This phenomenon will depend on the dominance of organisms with a smooth surface that will not favour the settlement of sessile epibenthic organisms on their surface and in their surroundings (e.g. due to chemical defences).
Life-history traits during recovery
Comprehensive studies of Antarctic benthic species are scarce, but the available information may be useful in better understanding the variation of life-history patterns through the recovery process. It should be considered that the pace of reproduction and growth of Antarctic marine invertebrates is generally very slow (Clarke 1983 , Pearse et al. 1991 , Arntz et al. 1994 ). This characteristic may have a strong effect on all aspects of a species' life-history and should determine the time needed for a species or a community to recover after disturbance.
The data in Table 4 show that the ascidian Molgula pedunculata and the demosponge Homaxinella spp. (this latter species grows very fast and is a pioneer species, Dayton 1979 , Gutt & Piepenburg 2003 have the highest growth rates with intermediate and short distance dispersal, respectively (Table 4 ). In addition, Homaxinella spp. exhibited intense larval settlement in shallow communities of the Ross Sea (Dayton 1979) . This characteristic and the fast growth seem to favour recolonisation of shallow zones regularly disturbed by anchor ice. The demosponge Stylocordyla borealis sexually develops young complete sponges incubated in the mother's body, which settle in the close vicinity, thereby showing low dispersability (Sarà et al. 2002) . Based on growth models, Gatti (2002) calculated an estimated age of 10.4 yr for a body area of 4.4 cm 2 . In R0, we found smaller individuals of S. borealis with a mean area of 1.2 cm 2 , suggesting a younger age. The upright species of gorgonians Primnoella spp. and Primnoisis antarctica appeared locally with high abundance in the R1 stage (Table 3) . P. antarctica showed 9 growth rings in the centre of the basal part of its calcareous axis (Table 4) . A related species, the deep gorgonian Primnoa resedaeformis, revealed annual growth ring formation and a maximum estimated age of 112 yr using growth and radiometric analyses (Andrews et al. 2002) . Considering this rate, P. antarctica found in R1 could have an estimated age of 9 yr. Further studies using sclerochronological techniques should provide valuable information on growth rates and longevity of Antarctic benthic species. In general, these data suggest that the early recovery stages R0 and R1 may represent approximately up to 10 yr of recolonisation once the pioneer species arrived.
The erect and heavily calcified Cellarinella wartesi and Melicerita obliqua (this latter species is a pioneer coloniser) (Gutt & Piepenburg 2003) showed annual skeletal growth check lines and are considered longlived perennials with a maximum estimated age of 9 and 50 yr, respectively (Barnes 1995b , Brey et al. 1998 ). Both species produce lecithotrophic larvae; in addition, cellarinellids also reproduce by fragmentation and further growth (Winston 1983 , Barnes 1995b . Furthermore, the amount of embryos per colony in M. obliqua was reported to be about an order of magnitude higher than in the cellarinellids (Winston 1983) . These different dispersal strategies within bryozoans may determine their success in recolonising disturbed areas.
This study showed that massive vase-and sphericalshaped hexactinellids and demosponges are big and abundant in areas of low disturbance, and have a patchy distribution (Table 3) . These sponges exhibited the lowest growth rates, the longest lifespan, the biggest area and short-distance dispersal (philopatry) because of asexual reproduction (budding) ( Table 4) . However, Dayton (1979) observed high reproduction activity by bud formation and rapid growth of small individuals in Rossella racovitzae in McMurdo Sound. The author also noted that, within this species, growth rates were highly variable and weak water currents accounted for the localised and dense patches of small individuals. Concerning offspring dispersal, Maldonado & Uriz (1999) showed that asexual fragments of Mediterranean sponges transported undeveloped larvae, thus enhancing their dispersal ability and genetic variability among populations. Within this context, this strategy could be a reasonable mechanism for recolonisation of disturbed areas in Antarctica. We acknowledge that new studies on reproduction, larval dispersal and recruitment patterns using genetic tools will substantially improve our knowledge on the recovery of benthos after iceberg disturbance.
Iceberg disturbance is a common event in the evolutionary history of Antarctic benthic habitats and is among the most severe disturbances in the world (Clarke & Crame 1992 , Gutt & Starmans 2001 . This study has, for the first time, developed a quantitative description for community recovery after iceberg disturbance in Antarctic benthos. We have provided new insights into the composition and abundance of sessile benthic organisms along the recovery gradient. In addition, these recovery stages were characterised by different growth forms, which revealed a change as recovery proceeded. Our study pointed out the importance of 'structural taxa' in determining community composition and organisation at each stage, and their life-history traits corroborated the general trends in the distribution during Antarctic recovery. The combination of this study and large-scale spatial and temporal monitoring can greatly contribute to a better representation of the response of Antarctic benthic communities to iceberg disturbance. Detecting and understanding long-term patterns of Antarctic benthic communities will be a major challenge due to the long lifespan of many of these species. 
